Introduction
Diabetes mellitus (DM) is a group of metabolic disorders characterized by hyperglycemia due to failure in secretion, action, or both of insulin. 1 Chronic noncommunicable diseases are becoming considerable 21st century global epidemic and have already become the leading causes of death and disability worldwide. 2 A total of 415 million adults were estimated to live with diabetes in 2015 and the number is expected to reach 640 million by the year 2040 worldwide. In seven International Diabetes Federation regions, the highest regional unadjusted prevalence was seen in the North America and Caribbean (11.5%), and Africa has the lowest (3.8%) prevalence. However, Africa is projected to have the largest proportional increase by 2040, with 147% increment. In 1 Based on the pathophysiology, DM complications are classified as microvascular (small blood vessels damage) and macrovascular (arterial damage) complications. 1, 4 Thus, diabetes is the leading cause of blindness, end-stage renal disease, and stroke, which are common among diabetic patients. 5 Hyperglycemia is a biochemical parameter seen in all types of diabetes patients, which induces tissue damage through mitochondrial superoxide production. 4, 6 Capillary endothelial cells in the retina, mesangial cells in the renal glomerulus, and neurons and Schwann cells in peripheral nerves are cells commonly damaged due to hyperglycemia. These cells are particularly at high risk for damage because they are unable to regulate uptake of glucose during hyperglycemia. 7, 8 Diabetic polyneuropathy develops in the case of prolonged hyperglycemia, which is associated with metabolic imbalances, accumulation of advanced glycation end products, oxidative stress, and lipid alterations. 9 Diabetes management targets on maintenance of optimum glucose level and prevention and early diagnosis of complications. 10 According to the American Diabetes Association (ADA) Standards of Medical Care in Diabetes 2017, fasting blood sugar (FBS) measurement can be used for glycemic control assessment and individuals having FBS ≥152 mg/dL are said to have poor glycemic control.
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Chronic diabetes complications like retinopathy, nephropathy, neuropathy, self-reported chest pain, vision decrement, painful paresthesias, and psychiatric events result in decrement of health-related quality of life. 12 Appropriate glycemic control and management is fundamental to prevent and delay DM complications. Poor glycemic control is highly correlated with high burden of diabetes complications. However, data are scanty in Ethiopia, particularly in Gondar, regarding factors for poor glycemic control and the relationship between glycemic control and DM complications. Hence, this study will be used as a baseline data for further researches regarding factors associated with poor glycemic control and DM complications among diabetes patients. Therefore, the aim of this study was to assess glycemic control and DM complications among DM patients attending at University of Gondar Hospital, Northwest Ethiopia.
Materials and methods

Study area
The study was conducted at University of Gondar Hospital, which is a teaching and referral hospital located 738 km away from Addis Ababa in northwest Ethiopia. The city is a wellknown tourist site with its collection of Royal castles and very ancient churches. The hospital gives a referral service with >400 beds and serving for >5 million people in northwest Ethiopia. The hospital has chronic illness follow-up clinic providing service for >8,000 diabetes patients.
Study design and subjects
Institution-based cross-sectional study was conducted from February 1 to March 30, 2017 to assess glycemic control and diabetes complications among diabetes patients attending at University of Gondar Hospital. All DM patients who visited chronic illness follow-up clinic during the study period were included until the required sample size was attained. Severely ill patients were excluded because they were unable to answer questions.
Sample size and sampling technique
The required sample size was calculated via Open Epi software using single population proportion formula by considering the following assumptions: prevalence of poor glycemic control in Gondar, Ethiopia (P=64.7%), 13 95% confidence level, and 5% margin of error. Therefore, the total calculated sample size was 351. DM patients who had at least 12 months follow-up in the hospital during the study period were included in this study.
Data collection and laboratory analysis
Sociodemographic data were collected by trained nurses working in the diabetes clinic of University of Gondar Hospital using a pretested semi-structured questionnaire. All study subjects were approached during their respective appointment schedule for follow-up. After interview and detailed review of their medical records, the study subjects were sent to laboratory where blood was collected for determination of FBS, total cholesterol (TC), and triglycerides (TG). Five milliliters of blood was collected using anticoagulant-free and clot-activated test tube for biochemical parameters determination. Those biochemical parameters were determined using MINDRAY BS-200E (Shenzhen Mindray Bio-Medical Electronics Co., Ltd., Shenzhen, China) using its MINDRAY reagents. The manufacturer instructions were followed for each parameter.
14 Glucose, TG, and TC were determined using glucose oxidase, glycerokinase peroxidase, and cholesterol oxidase peroxidase methods, respectively. Glycemic control level was categorized as poor if FBS was >152 mg/ dL, which is comparable with 7% HbA1C according to ADA Standards of Medical Care in Diabetes. Waist circumference (WC) was measured by placing a plastic tape to the nearest 0.5 cm horizontally, midway between the 12th rib and the iliac crest on the mid axillary line. WHO recommended three health risk categories: low risk (men, WC ≤93.9 cm; women, WC ≤79.9 cm); increased risk (men, WC =94.0-101.9 cm; women, WC =80.0-87.9 cm); and high risk (men, WC ≥102.0 cm; women, WC ≥88.0 cm or more) for DM patients. 15 Blood pressure (BP) was measured using calibrated automated sphygmomanometer. Cutoff point for BP was taken as >135 mmHg for systolic blood pressure and >85 mmHg for diastolic blood pressure.
Data analysis and interpretation
Data were entered into Epi Info TM version 7 software and then exported to Microsoft Excel 2013 to check its completeness and cleanness. Finally, the data were exported to SPSS version 20 software for analysis. Frequency distributions of sociodemographic, clinical, and behavioral characteristics of study subjects were explored. Continuous variables were expressed as mean ± SD and categorical variables were expressed as percentage. Binary and multivariable logistic regression models were fitted to evaluate associated risk factors for the outcome variable. All variables with a P-value of ≤0.2 were entered into a multivariable model to control the possible effect of confounders. A P-value of <0.05 was considered as statistically significant.
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Results
Sociodemographic characteristics
A total of 367 individuals participated in this study. 
Prevalence of poor glycemic control
The mean FBS level of study participants was 174.25±57.14 mg/dL. The overall prevalence of poor glycemic control was 60.5% (222/367) (95% CI: 55. 6 
Factors associated with poor glycemic control
In multivariable logistic regression model, age ≥65 years (adjusted odds ratio [AOR]: 0.070; 95% CI: 0.016-0.308), divorce (AOR: 0.226; 95% CI: 0.064-0.800), and increased WC (AOR: 0.361; 95% CI: 0.181-0.720) were factors significantly associated with poor glycemic control (Table 4) .
Diabetes complications
Diabetes complications were found in 115 (31.33%) of study participants. The prevalence of DM complications was higher in DM patients with >7 years DM duration (39.2%), overweight (38.9%), high-risk WC (39.7%), and TG level ≤150 mg/dL (30.8%) ( (Figure 2 ).
Discussion
The main target in the management of DM is to maintain good glycemic control, which is very important for controlling diabetes and preventing and delaying diabetes complications. 16 Glucose measurement is the main tool for assessing glycemic control. In this study, glucose level >152 mg/dL was taken as poor glycemic control level according to ADA Standards of Medical Care in Diabetes 2017. 11 In this study, the mean FBS level was 174.25±57.14 mg/ dL. Similar study from Jimma, Ethiopia found an average FBS of 163±45 mg/dL. 17 The overall prevalence of poor glycemic control was 60.5% (95% CI: 55.6-65.7) in the current study. This finding is similar to the previous studies conducted in Gondar (64.7%), Kenya (60.5%), and Jordan (65.1%). [18] [19] [20] Prevalence of poor glycemic control (60.5%) is lower compared to the studies conducted in Jimma, Ethiopia (81.7%), Venezuela (76%), and Hawaii (68.5%). 17, 21, 22 This variation would have happened due to the difference in the method of glucose measurement, cutoff points, socioeconomic status, culture, genetics, environmental factors, urbanization, and lifestyle, which predispose individuals to different risk factors of poor glycemic control among the study participants.
The prevalence of poor glycemic control was slightly higher among type 1 DM patients (61.4%) than among type 2 DM patients (59.8%). This is similar to the studies done in Gondar and Venezuela. 13, 21 This may be related to the fact that type 1 DM patients are commonly treated by insulin or combination therapy in more severe cases that require more aggressive treatment to control their disease, while type 2 DM patients with milder disease are more easily controlled by diet or oral hypoglycemic agents. The result of our study revealed that age ≥65 years, divorced marital status, and increased WC have significant negative association with poor glycemic control. Possible reason of poorer glycemic control in younger populations compared to elders can be associated with the fact that the young people may not adhere to their treatments as elders.
In the current study, poor glycemic control was predominant among 25-to -year-old study subjects with 63% prevalence (AOR: 0.151; 95% CI: 0.041-0.555), which is consistent with a similar study in Gondar, 18 which showed higher prevalence among younger DM patients. Diabetic patients aged ≥65 years are less likely to have poor glycemic control (AOR: 0.070; 95% CI: 0.016-0.308) compared to other age groups similar to another study done here in Gondar 13 and in USA, which indicated that elderly people had better diabetes control. 22 Exposure to stressful conditions associated with puberty may aid to the poor glycemic control through stimulation of the autonomic nervous system to induce hyperglycemia. 23 Several studies have demonstrated that insulin sensitivity decreases early in puberty, which returns to normal once somatic growth and sexual maturation are completed. 24 However, the result contradicts to a study in Kenya, 19 in which patients aged >40 years were at risk for poor glycemic control (COR: 1.08; 95% CI: 0.60-1.95). Variation in age group cut point may be the possible reason for the discrepancy.
Study participants who were single showed higher (64.6%; AOR: 0.966; 95% CI: 0.486-1.924) poor glycemic control compared to other groups. Divorced DM patients were less likely to have poor glycemic control (AOR: 0.226; 95% CI: 0.064-0.800) compared to married DM patients. Poor glycemic control was also higher in unemployed individuals (65.4%; AOR: 1.100; 95% CI: 0.547-2.213) compared to employed DM patients. Unemployed DM patients may not be economically good to buy DM medications. Work type had no significant association according to a study in Kenya. 19 In our study, individuals having high-risk WC are less likely to have poor glycemic control (AOR: 0.361; 95% CI: 0.181-0.720) compared to individuals having low-risk WC (≤93.9 cm for males and ≤79.9 cm for females). Most of the low-risk WC participants were type 1 DM patients treated mostly with insulin; therefore, if they have strict adherence to insulin, it may increase body weight and WC. 25 Even if it was not significant, ≤7 years diabetes duration was protective for poor glycemic level (AOR: 0.854; 95% CI: 0.528-1.381) compared to ≥7 years diabetes duration. Besides, studies in Venezuela, Jordan, and Hawaii [20] [21] [22] showed that poor glycemic control was more likely associated with long duration of the disease. The association between poor glycemic control and long diabetes duration may be due to progressive impairment of insulin secretion through time because of β cell failure and the difficulty for the patients to continue monitoring the blood glucose level and adjust with the regimen of treatment, diet, and exercise. 26 Diabetic complications were high in diabetic patients having poor glycemic control (61 [53.0%]) than their counterparts (54 [47.0%]). A study in Arbaminch, Ethiopia 27 also found higher level of glucose (177±35.45 mg/dL) among DM patients with foot ulcer. Similarly, diabetic retinopathy was predominant among poor glycemic control level DM patients according to a case-control study in Brazil. 28 The relationship between the level of glucose and diabetic retinopathy was also showed by a follow-up study in USA, that is, regulating glucose level using intensive treatment resulted in delayed 
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Fasil et al slow progression of diabetic retinopathy. 29 Increased level of HbA1c also showed significant association with urinary tract infection in women with type 1 DM. 30 The main limitations of our study were the use of FBS instead of HbA1c to determine the glycemic status, unable to measure the role of inflammatory cytokines on DM complications, and the cross-sectional nature of the study, which does not show cause-effect relationship of the independent variables to the outcome variable.
Conclusion
The prevalence of poor glycemic control and DM complications is considerably high among diabetes patients. Poor glycemic control showed significant and negative association with study participants aged ≥65 years old, increased WC, and divorced diabetes patients. DM complications are found to be higher among patients with poor glycemic control and type 2 DM.
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